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(57) A positive acth/e material for lithium secondary 
batteries is provided with which a lithium secondary bat- 
tery having a high energy density and excellent charge/ 
discharge cycle performance can be obtained. Also pro- 
vided-ls-a-iithium-seeondafy-battery-havlng-a-higlvener- 
gy density and excellent charge/discharge cycle per- 
formance. 

The positive active material for lithium secondary 
batteries is characterized by comprlsl ng a composite ox- 
ide which is represented by the composite formula 
LixMnaNi^C0eO2 (wherein a, b, and c are values within 
such a range that in a ternary phase diagrarn showing 
the relationship arhong these, (a, b, c) is present on the 
perimeter of or inside the quadrilateral ABCD defined by 
point A (0.5, 0.5, 0), point B (0.65, 0.45, 0), polntC (0.55, 
0.15, 0.30), and point D (0.15, 0.15, 0.7) as vertexes, 
and 0.95<x/(a-«-b4-c)<1 .35) and has an a-NaFe02 struc- 
ture. The lithium secondary battery empbys this active 
material. 
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Description 

<Technlcal Field> 

« [00011 The present invention relates to a positive active material for lithium secondary batteries and to a lithium 
secondary battery. * 

<Background Art> 

10 [0002] Nonaqueous-electnslyte batteries represented by lithium secondary batteries are extensively used as power 
sources for small portable terminals, mobile communication apparatus, and the like because these batteries have a 
high operating voltage and a high energy density. The positive active materials for lithium secondary batteries are 
required to stably retain their crystal structure even when subjected to repetitions of lithium insertion/extraction and to 
have a large reversible electrochemical capacity. 
15 [0003] Presently, an Ll-Co composite oxide having an a-NaFeOg structure (hereinafterthe composite oxide is refen^ed 
to as LiCoOg) Is mainly used as a positive active material for lithium secondary batteries. LiCoOa is capable of stable 
Insertion/extraction of lithium ions at an operating potential as high as 4 V and stably retains Its crystal structure even 
In repetitions of lithium Ion insertion/extraction. LiCoOa hence shows a high energy density and simultaneously attains 
high charge/discharge cycle performance. 
20 [0004] However, since cobalt, which Is a constituent element for LIC0O2. is a scare element and expensive, many 
Investigations have been made on the use of an Li-Ni composite oxide (hereinafter referred to as LiNlOg) as a substitute 
for LICoOg. LINIO2 has an a-NaFeOg structure like LICoOg and has almost the same operating potential width as 
LiCoOj. LiNlOg Is hence expected to attain high electrochemical perfomiance. In non-patent docurrient 1 , the relation- 
ship between lithium extraction amount and crystal lattice Is Investigated by X-ray powder diffractometry. It has been 
reported therein that even when lithium Is extracted from a positive electrode in charge/discharge at a depth of up to 
200 mAh/g. the layer-to-iayer spacing Is stably maintained. However, there has been a problem that repetitions of 
charge/discharge at such a depth result in an abrupt decrease in discharge capacity. 

[0005] Techniques for eliminating that problem are being extensively investigated which comprise displacing part of 
the nickel sites in an LINlOg stmcture by an element of a different kind. For example, patent document 1 discloses a 
technique In which part of the nickel sites are displaced by an element such as cobalt or aluminum in an amount of 
substantially about 20% at the most to thereby Improve charge/discharge perfomiance and thermal stability. However 
the composite oxide obtained by this technique is still Insufficient In charge/discharge cycle performance and thermal 
stability as compared with LIC0O2. although slight Improvements In charge/discharge cycle performance and thennal 
stability are attained. 

[0006] Furthemnore. many Investigations have been made on the use of an Li-Mn-NI composite oxide obtained by 
displacing part of the nickel sites by manganese and an LI-Mn-NI-Co composite oxide obtained by displacing part of 
the nickel sites by manganese and cobalt. 

[0007] Techniques concerning the LI-Mn-NI composite oxide are reported, for example, In patent documents 2 to 4. 
However, Investigations made by the present inventors revealed that use of any of these techniques poses a problem 
*^at n ot only the electrochemical capacity at an operating voltage of around 4 V is considerably lower than that attained 
wltfiXlNlOg. but also charge/discharge cycle performance and high-rate discharge performance also are InsufHcient. 
[0008] With respect to techniques conceming the Li-Mn-Ni-Co composite oxide, there is a report In. e.g., patent 
documents 5 to 12 that the composite oxide shows a higher energy density than the LI-Mn-NI composite oxide. The 
Li-Mn-NI-Co composite oxides described in these reports have a composition In which the proportions of cobalt and 
manganese In the 6b sites each are low and nickel is the main component. The term 6b sites as used herein means 
a Wyckoff position. 

[0009] On the other hand, a technique for producing an Ll-Mn-Ni-Co composite oxide using a precursor in which the 
proportions of manganese and cobalt in the 6b sites are high and the two components have been mixed with each 
other extremely evenly was recently reported In non-patent document 2 and non-patent document 3. There is a state- 
ment therein to the effect that in the LiCoi^Nli^aMni^aOg reported therein, the manganese, nickel, and cobalt occupying 
the 6b sites are regularty arranged to thereby form a superlatttee and this brings about a stable crystal stmcture. 
Because of this, lithium can be extracted without causing a phase change even at high voltages. It has also been found 
that this composite oxide further has excellent thermal stability probably because oxygen repulsion between c-axes 
after lithium elimination is relieved. It has further been found that although manganese is contained in the crystal lattice, 
lithium secondary batteries produced with this composite oxide are almost free from the phenomenon in which man- 
ganese dissolves in the electrolyte as In the case of using a spinel manganese material. The nonoccurrence of the 
phenomenon Is thought to Imply that the manganese ligand field Is free from a Jahn-Teller distortion because the 
manganese has a valence of 4. Consequently, the composite oxide is advantageous in that adverse influences on 
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battery performances. Including the problem that the negative electrode comes to have increased resistance due to 
the manganese dissolution phenomenon, are diminished. 

[001 0) However, investigations made by the present Inventors revealed that the problem of the decrease in discharge 
capacity with many repetitions of charge/discharge cycling still remains unsolved even with any of those techniques 
There has been a desire for a technique for further improving charge/discharge cycle performance. 

(Non-Palenl Document 1) 

T. Ohzuku, A. Ueda. andM. Nagayama. J, Electrochem, Soc., (U.S.A.), 1993, Vol.140. No.7. pp 1862-1870 
(Non-Patent Document 2) 

w , . "Tanaka. H. Adachi, Y. Maklmura. N. Yabuuchi. and T. Ohzuku, Dai 42'kai Denchi Toronkai 

YokO-shO, (Japan), 2001, pp.50-51 
(Non-Patent Document 3) 

Y. Maklmura. N. Yabuuchi. and T. Ohzuku. and Y Koyama. Dal 42-kai Denchi Tdronkai Yokd^shO, (Japan) 
2001 , pp. 52-53 *\ r /I 

*5 (Non-Patent Document 4) 

C.S.Jhonson. S.D. Korte.J.TVaughey. M.M.Thacherey.TE. Voflnger,YShao-Hom.andS.A Hackney 
J. Power Sources. (Holland). 1999, Vol.81 -82, pp.491 -495 

(Non-Patent Document 5) 

^ K. Numata. C. Sasaki, and S. Yamanaka, Chemistry Letters, (Japan). 1997, pp.725-726 

(Patent Document 1) 

JP-A-9-231973 
(Patent Document 2) 

Japanese Patent No. 3,008.793 
^ (Patent Document 3) 

Japanese Patent No. 3,047,693 
(Patent Document 4) 

Japanese Patent No. 3,064.655 
(Patent Document 5) 
^ JP-A-2000-260480 
(Patent Document 6) 

JP-A-2000-260479 
(Patent Document 7) 

JP-A-2000-26887B 
^ (Patent Document 8) 

JP-A-2000-353525 
(Patent Document 9) 

J P^-1 0-255846 
(Patent Document 10) 
JP-A-8-37007 

■ "(Patent Document 11) " " " ~ - 

JP-A-2000-58068 
(Patent Document 12) 
JP-A-2000-277151 
^ (Patent Document 13) 

JP-A-11.317224 
(Patent Document 14) 
JP-A-2000-3706 
(Patent Document 15) 
50 JPV\.11-312519 
(Patent Document 16) 
JP-A-11-307093 
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[0011J The Invention has been achieved In view of the problems described above. An object thereof Is to provide a 
positive active material for lithium secondary batteries which is capable of giving a lithium secondary battery having a 
high energy density and excellent charge/discharge cycle performance. Another object thereof is to provide a lithium 
secondary battery having a high energy density and excellent charge/discharge cycle performance 
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<Di8Clo5ure of the lnvention> 

[0012] tn view of the problems described above, the present inventors made intensive investigations on Li-Mn-Ni>Co 
composite oxides for use as a positive active material for lithium secondary batteries (hereinafter also referred to simply 

^ as "positive active material"). In the course of the Investigations, the Inventors directed attention to the relationship 
between the compositions of the manganese element, nickel element, and cobalt element which are likewise located 
at the 6b siles In a Lt,(MnaN(|^C0(.02 composition and each of the amount of an Li-Mn compound coexisting with the 
composite oxide and the properties and state of the composite oxide particles. The electrochemical properties of such 
composite oxides were closely investigated. 

10 [0013] As a result, it has been found that a lithium secondary battery having a high discharge voltage, high electro- 
chemical capacity, and excellent charge/discharge cycle performance is obtained by using a composite oxide having 
a specific composition and specific properties as a positive active material for the lithium secondary battery. The in- 
vention has been thus achieved. Specifically, the technical constitutions of the invention and the effects and advantages 
thereof are as follows. It Is, however, noted that the explanations on the mechanisms of the effects include presumptions 

IS and whether these explanations on the mechanisms of the effects are correct or not does not limit the scope of the 
Invention. 



(1 ) A positive active material for lithium secondary batteries, characterized by comprising a composite oxide whteh 
Is represented by the composite formula LixMnaNi^COcOg (wherein a. b. and c are values within such a range that 

^ In a ternary phase diagram showing the relationship among these, (a, b. c) is present on the perimeter of or Inside 

the quadrilateral ABCD defined by point A (0.5, 0.5, 0), point B (0.55, 0.45, 0). point C (0.55, 0.15, 0.30), and point 
D (0.15, 0.15, 0.7) as vertexes, and 0.g5<x/(a-»-b-i-c)<1 .35) and has an a-NaFeO^ structure. 

(2) The positive active material for lithium secondary batteries as described in (1) above, characterized in that the 
composite oxide contains Li2Mn03 and, In X-ray powder diffractometry with CuK^ ray, gives a diffraction diagram 

^ in which the ratio of the intensity of the diffracted ray at 2e»21±1.5'' (s) to the intensity of the diffracted ray at 

26=18.610.3'* (m), i.e., ratio s/m, is less than 0.04. 

(3) The positive active material for iithium secondary batteries as described In (1) or (2) above, characterized in 
that the composite oxide has a BET specific surface area as measured by the N2 adsorption method of 0.3 m^/g 
or larger. 

so (4) The posltive.active material for lithium secondary batteries as described In any one of (1) to (3) above, char- 

acterized in that the composite oxide comprises particles which are secondary particles formed by the aggregation 
of primary particles, the primary particles having the shape of neariy a reictangular parallelepiped In which the ratio 
of the dimension of the longest side to that of the shortest side is 2 or smaller, and the primary particles having an 
average diameter of 0.6 ^.m or larger. 

S3 (5) The positive active material for lithium secondary batteries as described in any one of (1) to (4) above, char- 

acterized in that the composite oxide is one obtained by mixing a precursor with a iithium compound and heat- 
treating the mixture, the precursor mainly comprising a. compound which has manganese and nickel as transition 
metal elements and optionally further has cobalt as another transition metal element and which has a p-Ni(OH)2 
type crystal structure. 

{§)-Tbg_posftiveactive material for lithium secondar y batteries as des cribed any on e of (1) to (4) above, charac- 
terized in that the composite oxide is one obtained by mixing a precursor having manganese and nickel as transition 
metal elements with a lithium compound and optionally with a precursor comprising a cobalt compound and heat- 
treating the mixture, the precursor mainly comprising a compound having a p-Ni(Oi-l)2 type crystal structure. 

(7) The positive active material for lithium secondary batteries as described in (6) above, characterized in that the 
^ precursor comprising a cobalt compound is an oxide or a carbonation product salt. 

(8) The positive active material for lithium secondary batteries as described In any one of (5) to (7) above, char- 
acterized in that the lithium compound is UOH. 

(9) A lithium secondary battery which has a poslthre electrode employing the positive active material for lithium 
secondary batteries as described in any one of (1) to (8) above and a negative electrode employing a negative- 

so electrode material capable of doping/undoping iithium ions. 

[001 4] The range of the composition of the Li-Mn-Ni-Co composite oxkie (composite fonnula; LixMn3Ni^C0c02) con- 
tained In the positive active material for lithium secondary batteries according to the invention is shown in Fig. 1 as a 
ternary phase diagram. 

S3 [0015] The positive active material for lithium secondary batteries of the invention comprises an LiM02 type com- 
posite oxide having an a-NaFe02 structure. In general, production of a composite oxide having a composltton within 
the range specified above yields a substance belonging to lJ2Mn03 besides the target composite oxide having an 
LiM02 type crystal structure. Although Ll2Mn03, when used alone, is an electrochemically inactive substance at po- 
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tenlials of around 4 V the coexistence of the LiMOg type composite oxide and LlaMnOg in an electrode material serves 
ulZ;?^Lt;/r'*''"^? " « ""^ '°" '"^«"">"'«'«-'=tion reactions. The melhanism of this function has^ofbeen 
rrlctnn L ^^"^^ '° ^ "^'^^""^ °* LigMnOa functions to. e.g.. relieve m2 

7rTTlT!^\^''T T^T'' accompanying charge/discharge and thereby serves to stabilize the crystal stnic- 
ture. The higher the proportion of manganese element In the transition metal elements used as starting materials the 
mo,e the proportion of the coexistent U,MnO^ lends to increase. Increasing the proportion of mangarfe^Smen in 

rcir"'°tf ° * ! ■ ''''''^^'^ «'-»-''^'e-teal capacity. This is because the cha^e 

compensation accompanymg the reaction In which lithium Is extracted from the LiMO^ type Li-Mn-NI-Co composte 
™i„ K^" o-NaFe02 structure is based on a valence change of nickel or cobalt whereas the valence of Mn** 
emalns unchanged However, even when theproportlon of manganese el^^^ 

IXh p ^ 1 ~' P"""*"^ ^'^''^ "^^"9 « ►"gf' «"^^9V '^en-ty can hence be 

obtained^Furthermore. by increasing the proportion of manganese element in the composite oxide a positive a^ive 
rna enal having high themial stability even in a charged state can be obtained. From these standpoints S te n^^^^ 
ZT:T^tl: Li,Mn,Ni,Co,0,. Conversely. In case where that value is less Z oTthe 
reversteility of lithium ion .nsertion/extraction reactions cannot be sufficiently heightened, although the crystal system 
s homogeneous because of the reduced amount of the coexistent U^nO^. By regulating that ^alue to 0 5 or TroeT 
ar: c^l'^ara" — -'^edj S^p Jed esSecia-^lr tie 

Lx^ltLiL" th! ^l"*^' ""S^^ ^''^ proportion of manganese element in the composite oxide is Increased 
c 2^' i ox.de comes to contain an LiaMnOg phase in such a large amount that the presence o?thte 

dorttan /Sinn T^^^ 

. 2 ' ^ • '"^"Sanese atonrw form an exceedingly unstable ligand field In the crystal 

structure, n such a case. not only the ele«^^^^ 

niir''^'?.? T '"«°«'°"'«'«™'^t'«>" reactions comes to be hardly observed. From this SndpTnrft te 
n«:essary tha the composite fomiula Li^Mn^Ni^COeO^ should satisfy the relationship a/(a+b«:)50.55. In cTse where 

r2^ a«ribH'f:^' mfnf^ '''^'^''^ ^'"^ ^'^^^ ^"^^ diffraction diagram L which the d^rcted 

^ ±i??J^Sh«l J H ^ ^ ^^"^ P'^"^ °' ^" P"^^" «»"^ wear at around 21- (actualij^ at 

21±1 .S') are obsen^ed mostly in an overlapped state but clearly ■ 

[00171 incidentally, too low proportions of nickel element in the composite oxide tend to result in a material in which 

TouZ°Z^, T^Tf, "'"^e^tood from the fact that LIMnO^^d LCoS'S 

not fomn a stable solid solution between these. From this standpoint, it is necessary that b/Can-b+cteO IS 

SJlJLt^rn T^' ""f"^ ^'^'"^ secondary batteries can be made to have, in particular. 

rsrro'^'^^r^^^^ 

compositions is one in which c/(a^b«)so.5. The positive active material having this com- 
posrt,on can comb.ne. in particular, a high energy density and satisfactory high-rate charge/discharge cycfe p^r^I- 

. b« characterized in thatjte composite oxide c ontains LI,MnO, and. In X-rayj,owder dif- 

^^SIT^?^ a diffraction diagram in which the ratio of the intensity^Hh^ffracted ^^aiS;2li^^^^^^ 
(8) to the intensity of the diffracted ray at 26=1 8.6±0.3» (m). i.e., ratio s/m. is less than 0.04 

[0021] As stated above, an LiaMnOg phase is slight^ present besides the LiMOg type crystal structure when the 

in Which a lithium phase and an (LMn^ phase are alternately superposed through oxygen atoms to have the sa^ie 
?^H«^r''^'^f ^* ^ ''^'^'^ "^^ '-IMO, type crystafstructure is heni simSn 
niZ m shows weak diffracted rays attributable to the 0^) 

IrTLTn °) 26=21- (actually at 21±1.5-). These diffracted rays in the X-ray diffraction digram 

are an index to the presence of an Liaiy^nOg phase. ' y a».uun aiagram 

S!f^LIll'"?TH « composite oxide in which the ratio of the intensity of those diffracted 

rays usable as an index to the presence of LigMnOa, i.e., the intensity of the diffracted rays at a 26 of around 21- 
(actually at 21±1 .5-) (s), to the intensity of the diffracted ray at 2e=18!Lo.3- (m^TT raKS telLt tSan S 04 is 
Zhl° "^nf "';'r,««'°''*«fy ^^W^-y. then this battery exhibits high chargidlscharge^de pelJor^^^n^^^^ 
m be loT 0 04 th'i^?^M^"°?'^" the vie o*! intenslty^a loS 
^rlu!!^^ ' ^^^^ "° ^'^^^^^ °^ ^''^'^ « f«^''r«'"e i"""ence on the crystal 

S^he otht hf nd t T T '''"'^'^ ""^^ accompany lithium insertion/extraction reaSL,^ 
2?aL« i« th«. oK» t' K "^"V*^^.^ °^ '"t«"sity ratio s/m is 0.04 or larger, the adverse influence of the Li JWInO^ 

phase ,8 thought to be predominant, resulting in a decrease in the charge/discharge cycle perfomiance of the mum 
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secondary battery employing this composite oxide. 

[0023] When no peak is observed at around 26=21"*, the diffracted ray intensity (s) is 0 and the value of intensity 
ratio sAn Is 0. Such composite oxide also Is included in the compositions In which the value of intensity ratio s/m is 
below 0.04. 

5 [0024] In the Invention, an Ll2Mn03 phase and an LiM02 phase are regarded as dividual phases. However, the 
relationship between }(-ray diff rfiicted ray intensities indicates a possibility that the two phases coexist in a solid solution 
slate. 

[0025] The invention may be further characterized in that the composite oxide has a BET specific surface area as 
measured by the N2 adsorption method of 0.3 m^/g or larger. 

10 [0026] Regulating the composite oxide so as to have a specific surface area of 0.3 m^/g or larger is preferred because 
such surface area enables the particles of the active material to come into satisfactory contact with a liquid electrolyte 
and prevents the rate of lithium ion movement from being detemnined by movement within the secondary particles of 
the active material. Such values of specific surface area are preferred in that the positive active material can have, in 
particular, excellent charge/discharge cycle perfomiance. It is more preferred to regulate the specific surface area 

f5 thereof to 0.5 m^/g or larger because this positive active material can be used to produce a lithium secondary battery 
which shows a high discharge voltage, high electrochemical capacity, and high charge/discharge cycle performance. 
[0027] The composite oxide comprises particles which are secondary particles formed by the aggregation of primary 
particles, the primary particles having the shape of nearly a rectangular parallelepiped in which the ratio of the dimension 
of the longest side to that of the shortest side is 2 or smaller, and the primary particles having an average diameter of 

20 0.6 nm or larger. 

[0028] A composite oxide in which the primary-particle diameter is smaller than 0.6 jim or the primary particles, when 
regarded as rectangular parallelepipeds, have a longest-side/shortest-side dimensional ratio exceeding 2 indicates 
that solid-phase reactions in the heat treatment of a precursor did not proceed sufficiently. In case where such a material 
is used as the positive active material of a lithium secondary battery, not only the battery has reduced electrochemical 
25 perfomiance, but also the positive-electrode material is apt to undergo side reactions with the electrolyte because the 
area of contact with the electrolyte is excessively large due to the too large surface area. 

[0029] The composite oxide preferably is one obtained by mixing a precursor with a lithium compound and heait- 
treating the mixture, the precursor mainly comprising a compound which has manganese and nickel as transition metal 
elements and optionally further has cobalt as another transition metal element and which has a P-Ni(OIH)2 type crystal 

30 structure. Alternatively, the composite oxide may be one obtained by mixing a precursor comprising a compound which 
has manganese and nickel as transition metal elements and has a p-Ni(OH)2 type crystal structure with a lithium 
compound and optionally with a precursor comprising a cobalt compound and heat-treating the mixture. 
[0030] The composite oxide represented by the composite fomnula UxMnaNI|,C0eO2 according to the Invention has 
a composition in which the proportion of manganese In the 6b sites is relatively high. The Inventors have surprisingly 

35 found that when a precursor mainly comprising a p-Ni(OH)2 type crystal structure is used as a precursor to be heiat- 
treated which contains at least manganese and nickel, then an Li-Mn-Ni-Co composite oxide having an especially high 
crystalllnity can be produced and a positive ^ive material for lithium secondary batteries which has excellent elec- 
trochemical properties can be obtained. 

[0031] The crystal structure of the precursor to be heat-treated Is thus important. In the case where a precursor 

.40 material including a se parate phase consisting of a manganese compound o r nickel compound alone is used, there is 
a possibility that the progress of solid-phase reactions between metal elements during the heat treatment mighfbe 
inhibited, making it difficult to fomri a highly crystalline composite oxide. It is therefore preferred to use a precursor in 
which at least the manganese and nickel, among the transition metal elements (Mn, Ni, and Co) constituting the pre- 
cursor, constitute a homogeneous crystal stnjcture. Even In the case where the transition metal elements constituting 

45 a precursor are present as a homogeneous crystal structure, a reduced. discharge capacity tends to result when the 
precursor contains an o-Ni(0H)2 type crystal structure in a large amount. It is therefore preferred to use a precursor 
in which the content of an a-Ni(OH)2 type crystal structure is low. A precursor mainly comprising P-Ni(OH)2. in X-ray 
diffractometry with CuK^ ray, gives a diffraction diagram having an intense main peak at around 20*". On the other 
hand, a precursor containing an o-Ni(OIH)2 type crystal stnjcture in a large amount shows characteristic diffraction 

so peaks at around 1 0** and 22** besides that peak. Conversely, when the X-ray diffraction diagram for the precursor mainly 
comprising p-Ni(0H)2 is drawn so that the peak appearing at arourid 20"* is full-scale, then substantially no peak is 
observed at around 1 0"* and 22°. The composite oxide obtained by heat-treating a precursor which is such a compound 
containing an a-Ni(0H)2 type crystal structure in a large amount gives an X-ray diffraction diagram in which a diffracted 
ray thought to be assigned to an Li2Mn03 phase is clearly observed at around 21** (actually at 21±1 .5"*) besides the 

55 diffracted ray assigned to a crystal phase belonging to R3-m. With respect to expressions of the crystal phase, the 
numeral 3 should originally bear a bari affixed thereover In this description, however, the expression "RS-m" is used 
for convenience. 

[0032] Selection of an oxide or a cari3onation product salt as the precursor comprising a cobalt compound is pref enred 
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because this precursor is apt to undergo solid-phase reactions at the heat treatment temperature and is less apt to 
yield Impurities. On the other hand, when a nitrate or carbonate is used, there Is a possibility that concentration might 
occur at the heat treatment temperature to destroy the crystal structure of the precursor. It is therefore prefen-ed to 
select an oxide or a carbonatlon product salt. 

[00331 Selection pf LIOH as the lithium compound Is preferred because the melting point of LIOH Is about 450«C 
which Is relatively low, and solid phase reacUons can hence be conducted without the necessity of especially using a 
high temperature for the heat treatment of the precursor. 

[0034] The Invention further provides a lithium secondary battery which has a positive electrode employing the pos- 
itive active material for lithium secondary batteries and a negative electrode employing a negative-electrode material 
capable of doplng/undoping lithium ions. This lithium secondary battery can have the above-described features of the 
positive active material. 



<Brief Description of the Drawings> 
^5 [0035] 

Fig. 1 is a temary phase diagram showing compositions of Li^Mn^NlbCo^Og; Fig. 2 is an X-ray diffraction diagram 
of the positive active material for lithium secondary batteries according to Example 6; and Fig. 3 is a scanning 
electron microscope (SEM) photograph of the positive active material for lithium secondary batteries according to 
^ Examples. ** 

<Best Mode for Canying Out the lnvention> 

[0036] The positive active material of the invention is characterized by comprising a composite oxide which is rep- 
resented by the composite formula Li^^MnaNibCOeOa (wherein a, b. and c are values within such a range that in a temary 
phase diagram showing the relationship among these, (a. b. c) Is present on the perimeter of or Inside the quadrilateral 
ABCD defined by point A (0.5. 0.5, 0). point B (0.55, 0.45. 0). point C (0.55, 0.15. 0.30). and point D (0 15 0 15 0 7) 
as vertexes. and 0.95<x/(a+b+c)<1 .35) and has an a-NaFe02 structure. ...... 

[0037] The values of a. b, and c can be freely regulated by selecting the proportions of compounds of the respective 
transition metals to be used as starting materials. 

[00381 The composite oxide preferably pontalns U^MnO^ and. In X-ray powder diffractometry with Cuie ray gives 
a diffraction diagram In which the ratio of the Intensity of the diffracted ray at 2e=21±1 ,5» (s) to the intenslty'of the 
diffracted ray at 26=1 8.6±0.3«» (m), I.e., ratio s/m, is less than 0.04. 

[00391 An s/m ratio less than 0.04 can be attained by using starting materials In which the proportion of manganese 
In the transition metal atoms Is not too high, as stated above, and by using a precursor mainly containing a B-Ni(OH)o 
type crystal stmcture as the precursor to be heat-treated, as will be described later. 

[0040] The composite oxide preferably has a BET specific surface area as measured by the adsorption method 
of 0.3 mvg or larger. 

[0041] A specific surface area of 0.3 m2/g or larger for the composite oxide can be attained by regulating the heat 
treatmen t temperature and heat treatment period In a precurs or heat treatment s tep so as not to be higher or longer 
than the upper limit of the preferred range of conditions which will be described later. ~ 
[0042] Furthermore, the composite oxide preferably comprises particles which are secondary particles formed by 
the aggregation of primary particles, the primary particles having the shape of nearly a rectangular parallelepiped In 
which the ratio of the dimension of the longest side to that of the shortest side is 2 or smaller, and the primary particles 
^ having an average diameter of 0.6 Jim or larger. 

[0043] The reason for this Is as follows. Wrth the progress of solid-phase reactions in a precursor heat treatment 
step, that dimensional ratio tends to decrease and the particle shape tends to approach a nearty cubical one Namely 
that dimensional ratio roughly correlates to the degree of progress of the solid-phase reactions. A composite oxide Iri 
which the pnmary particles have the shape of nearly a regular parallelepiped wherein that dimensional ratio is 2 or 
smaller and have an average diameter of 0.6 nm or larger can be obtained by regulating the heat treatment temperature 
and heat treatment period in a precursor heat treatment step so as not to be lower or shorter than the lower limit of the 
prefen-ed range of conditions which will be described later. 

[0044] As long as the composite oxide constituting the positive active material has the constitutions described above 
processes for producing the composite oxide are not limited. However, especially preferred production processes will 
^ be explained below in detail. 

[0045] The composite oxide preferably is obtained by mixing a precursor with a lithium compound and heat-treating 
the mixture, the precu rsor mainly comprising a compound which has manganese and nickel as transition metal elements 
and optionally further has cobalt as another transition metal element and which has a p-NI(OH)2 type crystal structure 
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[0046] An explanation will be given below on prefen^ed embodiments of the precursor to be used for producing the 
composite oxide (positive active material) according to the invention and on processes for producing the same. The 
precursor preferably is.a compound having an Ni(OH)2type crystal structure in which manganese atoms have been 
incorporated optionally together with cobalt atoms into nickel sites so that these atoms and nickel atoms are evenly 

^ arranged. These manganese atoms serving as a component of the precursor crystals preferably have a valence of 2. 
By regulating the precursor so'thal the manganese contained therein mainly has a valence of 2, the product of the 
heat treatment can be made to contain a reduced amount of Li2l^n03 yielded as an impurity phase. Li2Mn03 is causative 
of a decrease in capacity, although it is a substance which is electrochemically inactive at around 4 V and serves to 
stabilize the crystal structure of the composite oxide. It is therefore preferred to regulate the composite oxide (positive 

10 active material) so that the content of Ll2Mn03 therein is not too high. 

[0047] Processes for producing the precursor are not particularly limited as long as the requirements shown above 
are satisfied. However, use may be made of a "coprecipitation method" in which an acidic aqueous solution containing 
at least nickel and manganese is added dropwise to an aqueous alkali solution, e.g., an aqueous sodium hydroxide 
solution, as a reaction mixture to form a precipitate. Drying the precipitate obtained by the "coprecipitation method" 

15 gives a precursor. When the "coprecipitation method" is used, a composite oxide (positive active material) in which the 
crystal structure is highly stable to lithium extraction/insertion reactions is easy to obtain as the final product. In par- 
ticular, a positive active material showing high battery performance can be produced. 

[0048] In the case of employing the "coprecipitation method", It is firstly Important to keep the pH of the reaction 
mixture at an alkaline value of 11 or higher for obtaining a precursor in which the manganese contained therein mainly 

^ has a valence of 2. tn case where the reaction mixture has too high a pH. the rate of precipitate formation increases 
and this tends to result in a precursor having a reduced density. From this standpoint, the pH of the reaction mixture 
is preferably 13 or lower, more preferably 12 or lower. Secondly, it is crucially important to keep the reaction mixture 
serving as a reducing atmosphere. When, these conditions are used, the valence of the manganese Is kept at 2 and 
drying the resultant precipitate gives a precursor which is a crystalline substance mainly comprising a p-Ni(OH)2 type 

23 structure. In case where those conditions are not maintained, not only water and an anion species, such as carbonic 
acid anions, are apt to be incorporated into the crystal structure, but also the valence of the manganese is apt to 
increase and the precipitate thus yielded, upon drying, gives a precursor containing an a-Ni(OH)2 type structure in a 
large amount. For keeping the reaction mixture serving as a reducing atmosphere, use may be made of a method in 
which a reducing agent, e.g., hydrazine, is added to the reaction mixture or a method in which the atmosphere in the 

30 reaction vessel is filled with an Inert gas to thereby remove oxygen and keep the reaction system serving as a reducing 
atmosphere. Known techniques for adding a reducing agent, e.g., hydrazine, into the reaction mixture or for filling the 
atmosphere In the reaction vessel with an inert gas are described In patent documents 13 to 16, which disclose proc- 
esses for producing a positive active material for alkaline batteries. 

[0049] The transition metal compounds to be used as starting materials for a precursor in the "coprecipitation method" 

35 are not particularly limited as long as they undergo a precipitation reaction with the aqueous alkali solution. It is, however, 
preferred to use metal salts having high solubility in water. Examples of the metal salts having high solubility in water 
include manganese compounds such as manganese oxide, manganese carbonate, manganese sulfate, and manga- 
nese nitrate, nickel compounds such as nickel hydroxide, nickel carbonate, nickel sulfate, and nickel nitrate, and cobalt 
compounds such as cobalt sulfate and cobalt nitrate. 

i?.. . [ OOSO] It is preferred in t he "c oprecipitation method" to cause ammo nium ions to be present in the reaction mixture. 
The presence of ammonium ions reduces the rate of the precipitatiorTreactions because the precipitation comeFto 
occur via metal/ammlne complex-fomriing reactions. As a result, a precipitate having satisfactory crystal orientation, 
compositional homogeneity, and uniformity of secondary-particle shape can be yielded. It is especially preferred to 
generate nuclei for crystal growth under such conditions that the reaction mixture contains an excess of ammonium 

^ ions over the ipns of metals, such as manganese, nickel, and cobalt, which are derived from starting materials and 
present In the reaction mixture. This is because use of such conditions yields a precipitate which is exceedingly ho- 
mogeneous and Is bulky. Examples of techniques for causing ammonium Ions to be present include a technique in 
which ammonium sulfate, ammonium water, or the like Is added to the reaction mixture system. Conversely, in case 
where no ammonium ions are present, the metal Ions rapidly form a precipitate through acid-base reactions. This 

so precipitate hence tends to comprise crystals arranged randomly and be nonunifomi in particle shape and nonhomo- 
geneous In intrapartlculate composition. 

[0051] Among reaction conditions for the "coprecipitation method", apparatus factors such as reactor shape and the 
kind of rotating blades and other factors such as the time period of precipitate residence In the reaction vessel, reaction 
vessel temperature, total ion amount, and concentration of an oxidation number regulator can be selected to thereby 
35 slightly regulate properties of the coprecipitation compound, such as, e.g., parttele shape, bulk density, and surface 
area. 

[0052] The composite oxide may be one obtained by mixing a precursor mainly comprising a compound which has 
manganese and nickel as transition metal elements and has a p-Ni(OH)2 type crystal structure with a lithium compound 



8 



BNSDOCID: <EP. 



.1447ee8A1J.> 



EP 1 447 866 A1 



IS 



20 



40 



45 



SO 



SS 



manganese and nickel ^o aXen^^n o^ 

compound to be used here ts nTpaZ la 1^ n^t Jd ^ L'^'f ^ ^"^"^ ^P""*"- "^^^ "'baS 

cobaltdl) oxide. cobalt(liroxWe JSde dic^^^^^^^^^ 7 " ^^^'^^^^ «° 

stated above. It Is necessary to keep the rLc^^on sSr^^^^ tetrox.de. cobalt(ll) hydroxide, or the like. As 

of the manganese from incr^^ng Pon^e^^e Te Zlln^^t^ ^ "''""'"^ atmosphere for inhibiting the valence 
growing crystals on the cobalt Zpou^S 3;,rr s^t^co^^^^ T '^'"""^ "^'^^"^ '''^"^ 
Where the presence of ammonium iL is unnTeTsa^urerr^^^^^^ ^"^^''^ 

frpid:r;itr::c'^h:^^^^^^^ 

Should be used fn respective glv^ amo3 ac^nL^^^^^^ 

mhiumcompoundlnslShtexL^roTr^thrt^g'^^^^^ « P'«'«-''t° « 

on a solid phase of LiMnOo and LICoO „°„ r^f!? w LijMnOa Phase, as can be seen from investigations 

a proportion that the cJJ^Ss;e o^^^^^^^^^ f '"Aerials are used fn such 

Which is less than 1 .35. more prefeS,^! 2 o^ ow^^^^^^^ has an atomic ratio Li/(Mn+Ni+Co) 

active material for lithium secondar^tetteri^ ha*^ ThSh 1„!S w 1 ^"^ ° « P^^^ve 

ance can be obtained. In case wh^rVSTa" mlT?L or hio3tf 

problem thM«.chara.™«lIJd4™L »^ to««rlhan 900-c am apt to pose a 

treatment temperatures exceeding 1 050'C are ant to n«Jl t VJV ' ^y"^''®^'* Possible. However, heat 

battevperformancesandaprobtemtSelirumiiLt^^^^^ denslfication proceeds to impair 

oxide having the target composmoTis difflcrto^^^^^ 
are undesirable from the standporn? Of cZtal s^^^^ 

br-rs^----"--^^^^^^^^^ 

Ss SVo:rrcrm;lCxii -•'-^ ^^-t treatment period- 

volitllUat lon .s m to ^MgTt^^^e^T ?~^^^^^ 

other hand. In case whTH" he ^treat^em^^^^^^ in substantially impaired battery perfomiances. On the 

might be Insufficient, resu.th^g in p^rba^e^^^^^^^^ ' ^^^^ « Possibility that crystal growth 

f^l^em trearmeTsteJt'^^^^^^^^ 7 ^^T*'^ ««erthat later stage 

structure of thecorpc^ 2^»x,dTyTel^^^^ Ts^e^Tr^l^!^- "T' '""'^ *° '^"^^^ ^nrsfal 

rooT^Tirif^'^d^^^^^^^^^^^^ 

p2ea^:::rrS^^^^^^^^^^^ 

major componentanegativeS^r^mTel^^oa^^^ ^ "^^^ comprising^ a 

comprisinganonaqueoussolvemSnfarnr^neree^^ 

electrede Jnd the negative elStiSe ^ ^""^^ S*"^'^'' « ^^P^^to^^ deposed between the posi^e 

Ses^Ttrs^pr^^^^^ 

ethylene carbonate, butylene carbonarch,rethytn^^^^^^^ ^'^I P^P^'^"* '^«*»"«t«. 

butyrolactone and rvalerelactone chain ^onatefsuch ^r^^^^ 1^ carbonate; cyclic esters such as y 
carbonate: chain eLrs such as methyl f^rmethrac^^^^ '''''' '"^^^'J' 

.hereof; ethers such as 1 .3-dioxane. .-lox^rr.Sr^SSS^^^^^^^^^ , 



9 



VSCXXIO: <EP 1447eeeAlJ.» 



EP 1 447 866 A1 

triles such as acetonltrile and benzonitrile; dioxolane or derivatives thereof; and ethylene sulfide, sulfolane, sultones, 
or derivatives thereof. These may be used alone or as a mixture of two or more thereof. However, the nonaqueous 
solvent should not be construed as being limited to these examples. 

[0061] Examples of the electrolyte salt include inorganic ion salts containing one of lithium (LI), sodium (Na), and 
5 potassium (K) , such as UCIO4. LIBF4, LIAsFq. LIPFe, LISCN. LIBr, Lll, LI2SO4. LlgBioCl^o. NaCI04, Nal, NaSCN, NaBr, 
KCIO'4. and KSCN; and organic'lon satis such as LiCFaSOg. UN(CF3S02)2. UN(C2F5S02)2. LIN(CF3S02)(C4FgS02), 
UC(CF3S02)3. LiCCCjFsSOaja, (CH3)4NBF4, (CH3)4NBr, (C2H5)4NCI04, (C2H5)4NI. (C3H7)4NBr, (n-C4H9)4NCI04, 
{n-C4H9)4NI. (C2H5)4N-maleate, (C2H5)4N-benzoate, (C2H^5)4N-phthalate, lithium stearylsulfonate, lithium oclylsuir 
fonate, and lithium dodecylbenzenesulfonate. These ionic compounds can bie used alone or as a mixture of two or 
10 more thereof. 

[0062] Preferred of those salts is LiPF^ because it has excellent dissociabitity and gives excellent conductivity. 
[0063] Furthemnore, LiBF4 has low reactivity with the water present in the liquid electrolyte, although lower in disso- 
ciability and conductivity than LIPFe- Use of LiBF4 is therefore preferred because water content control for the liquid 
electrolyte can be simplified and a reduction in production cost can be attained. In addition, since LiBF4 is less apt to 
IS generate hydrofluoric acid, which corrodes the electrodes and sheathing material, use of this salt is preferred in that 
even when a thin sheathing material having a thickness of 200 ^m or smaller, such as a metal/resin composite film, is 
used, a lithium secondary battery having high durability can be obtained. 

[0064] Altematively. a mixture of UPFq or LiBF4 with a lithium salt having a perfluoroalkyi group, such as UN 
(C2F5S02)2. TTiay be used. This mixture is preferred because use thereof can further reduce the viiscoslty of the liquid 
20 electrolyte and is effective in Improving storabillty. 

[0065] The concentration of the electrolyte salt in the nonaqueous electrolyte is preferably from 0.1 mbi/l to 5 mol/l, 
more preferably from 0.5 mol/1 to 2.5 mol/l, from the standpoint of obtaining a lithium secondary battery having high 
battery characteristics without fall. 

[0066] As the positive electrode of the lithium secondary battery of the invention is used an electrode employing the 
positive active material for lithium secondary batteries of thainvention. In the positive electrode, a mixture of the positive 
active material for lithium secondary batteries of the invention with one or more other positive active materials may be 
used. 

[0067] The positive electrode is produced by Icneading the positive active material together with a conductive rhaterial 
and a binder and optionally with a filler to prepare a positive composite, subsequently applying or press-bonding this 
30 positive composite to a foil, lath plate, or the lilce serving as a current collector, and heat*treating the resultant structure 
at a temperature of about from 50*^0 to 250''C for about 2 hours. 

[0068] As the negative-electrode material may be selected any material capable of precipitating or doping lithium 
ions. Examples thereof include lithium metal, lithium alloys (lithium metal-contalning alloys such as lithium-aluminum, 
lithium-lead, ilthlum-tin, lllhium-alumlnum-tin, lithium-gallium, and Wood's metal), lithium composite oxides (llthlum- 

35 titanium), silicon oxide, and carisonaceous materials (e.g., graphites, hard carbon, low-temperature-calcined cartDon, 
and amorphous carbon). Of these materials, graphites have aa operating potential very close to that of metallic lithium 
and can hence realize charge/discharge at a high operating voltage. Furthermore, use of graphites as a negative- 
electrode material is preferred because these are effective in diminishing self-discharge and reducing the irreversible 
capacity In charge/discharge in the case of using a lithium salt as an electrolyte salt. For example, artificial graphite 

^ . an d na tural gra phite are preferred. In particular, a negative-electrode material consisting of graphite particles whose 
surface has been modified with, e.g., amorphous cartoon is desirable because gas generation therefrom during charge 
is little. 

[0069] Results of analysis by X-ray diffractometry of graphites which can be advantageously used are shown below. 
Lattice spacing (doo2): 0.333-0.350 nm 
45 Crystallite size in a-axis direction, La: 20 nm or larger 
Crystallite size In c-axis direction. Lc: 20 nm or larger 
True density: 2.00-2.25 g/cnt^ 

[0070] It Is also possible to modify a graphite by adding thereto a metal oxide, e.g., tin oxide or silicon oxide, phos- 
phorus, boron, amorphous cartoon, or the like. In particular, modifying the surface of a graphite by the method described 

50 above is desirable because this modification can Inhibit electrolyte decomposition and thereby heighten battery char- 
acteristics. Furthermore, a combination of a graphite and either lithium metal or a lithium metal-containing alloy, such 
as lithium-aluminum, Itthium-lead, lithium-tin, lithium-aluminum-tin, lithium-gallium, or Wood's metal, or the like can be 
used as a negative active material. A graphite into whteh lithium has been inserted beforehand by electrochemical 
reduction can also be used as a negative active material. 

55 [0071] The powder of the positive active material and the powder of the negath/e-electrode material desirably have 
an average particle size of 100 ^m or smaller, in particular, It is desirable that the average particle size of the powder 
of the positive aptive material be 10 ^ni or smaller for the purpose of improving the high-output characteristics of the 
nonaqueous-electrolyte battery. A pulverizer and a classifier are used for obtaining a powder having a given shape. 
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For example, use is made of a mortar, ball mill, sand mill, oscillating ball mill, planetary bail mill, jet mill counter jet 
mill, or cyclone type jet mill and sieves or the like. Pulverization may be conducted by wet pulverization in which water 
or an organic solvent, e.g.. hexane, coexists. iVIethods of classification are not particularly limited, and sieves, an air 
classifier, or the like is used in each of dry and wet processes according to need. 

[00721 The positive electro(?e and negative electrode may contain a conductive material, binder, thickener, fliler. and 
the like as other components besides the major components. 

[0073J The conductive material is not limited as long as It is an electron-conductive malerial not adversely Influencing 
battery perfonnance. Usually, however, conductive materials such as natural graphite (e.g.. flake graphite flaky graph- 
ite, or soil-like graphite), artifteial graphite, carbon black, acetylene black. Ketjen Black, carbon whiskere, carbon fibers 
metal (e.g.. copper, nickel, aluminum, silver, or gold) powders, metal fibers, and conductive ceramic materials can be 
incorporated alone or as a mixture thereof. 

[0074J A preferred conductive material of these is acet^rlene black from the standpoints of electron-conductive prop- 
erties and applicability. The amount of the conductive material to be added is preferably from 0.1% by weight to 60% 
by weight, especially preferably from 0;5% by weight to 30% by weight, based on the total weight of the positive elec- 
trode or negative electrode. It is especially desirable to use acetylene black which has been pulverized to ultrafine 
particles of from 0.1 to 0.5 jim. because use thereof Is effective in reducing the amount of carbon required For mixing 
those ingredients, physical mixing Is conducted. Homogeneous mixing is ideal. For this mixing, a powder mixer such 
as a V-type mixer, S-type mixer, mortar mill, ball mill, or planetary mill can be used in a dry or wet mixing process 
[0075] As the binder can usually be used one of or a mixture of two or more of themioplastic resins such as poly- 
tetrafluoroethylene (PTF^). poly(vlnylidene fluoride) (PVDF), polyethylene, and polypropylene and polymers having 
rubber elasticity, such as ethylene/propylene/dieneterpolymers (EPDM). sulfonated EPDM, styrene/butadiene mbbers 
(SBR). and fluorombbers. The amount of the binder to be added is preferably from 1 to 50% by weight especially 
preferably from 2 to 30% by weight, based on the total weight of the positive electrode or negative electrode 
[0076] As the thickener can usually be used one of or a mixture of two or more of polysaccharides such as car- 
boxymethyl cellulose and methyl cellulose and the like. In the case of thickeners having functional groups reactive with 
lithium, such as polysaccharides, it Is desired to deactivate the functional groups beforehand by. e.g.. methylation The 
amount of the thickener to be added is preferably from 0.5 to 10% by weight, especially preferably from 1 to 2% by 
weight, based on the total weight of the positive electrode or negative electrode. 

[0077] As the filler may be used any material which does not adversely influence battery performance. Usually use 
is made of an olefin polymer such as polypropylene or polyethylene, amorphous siitea. alumina, zeolite, glass cartjon 
etc. The amount of the filler to be added is preferably up to 30% by weight based on the total weight of the positive 
electrode or negative electrode. a k = 

[0078] The positive electrode and negative electrode are produced preferably by mixing the active material a con- 
ductive material, and a binder with an organic solvent, e.g., N-methylpyrrolldone or toluene, subsequently applying the 
resultant liquid mixture to the current collector which will be described later, and drying the coating. In the applteation 
tt is desired to apply the liquid mixture, for example, by roller coating using an applicator roll, screen coating, doctor 
blade coating, spin coating, or coating with a bar coater or the like in any desired thickness and any desired shape 
However, methods of applteation should not be construed as being limited to these. 

[00791 As the current collector may be used any electron conductor which does not exert an adverse influence in 
the battery fabncated. For example, the current collectorforthe positive electrode can be alumin um, titanium, stainlgp« 
steel, nickel, cateined carbon, a conductive polymer, conductive glass, or the like. Besides these use can be made " 
as the positive-electrode current collector, of a material obtained by treating the surface of aluminum, copper, or the 
like with cartjon, nickel, titanium, silver, orthe like f orthe purpose of improving adhesiveness, conductivity, and oxidation 
resistance. The cunvnt collector for the negative electrode can be copper, nickel, iron, stainless steel, titanium alumi- 
num, calcined carbon, a conductive polymer, conductive glass. Al-Cd alloy, or the like. Besides these use can be 
made, as the negative-electrode current collector, of a material obtained by treating the surface of copper or the like 
with cart)on. nickel, titanium, sliver, or the like for the purpose of improving adhesiveness, conductivity, and reduction 
resistance. These materials can be subjected to a surface oxidation treatment 

100801 With respect to the shape of the current collector, use is made of a foil form or a film, sheet, net. punched or 
expanded, lath, porous, or foamed form. A structure made up of fibers is also usable. Although the thickness thereof 
is not partteulariy limited, collectors having a thickness of from 1 to 500 urn are used. Of these current collectors a 
preferred collector for the positive electrode is an aluminum foil, which has excellent oxidation resistance Preferred 
current collectors for the negative electrode are a copper foil, nickel foil, and iron foil, whteh are excellent in reduction 
resistance and conductivity and are inexpensive, and an alloy foil containing part of these. Furthennore these foils 
preferably are ones In which the rough-surface side has a surface roughness Ra of 0.2 pm or more This surface 
roughness enables the current collector to be in highly close contact with the positive active material or negative- 
electrode material. It Is therefore preferred to use an electrolytic foil, whteh has such a rough surface. Most preferred 
is an electrolytic foU whksh has undergone a "hana" surface treatment. Furthermore, in the case where these foils are 
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to be coated on both sides, it Is desirable that both sides have the same or almost the same surface roughness. 
[0081] The separator for the lithium secondary battery preferably is one of or a combination of two or more of porous 
films, nonwoven fabrics, and the like which show excellent rate characteristics. Examples of the material constituting 
the separator for the lithium secondary banery include polyolefin resins represented by polyethylene and polypropylene, 

5 polyester resins represented by poly(ethytene terephthalate) and poty(butylene terephthalate), poty(vinylidene fluo- 
ride), vinylidene fluoride/hexafluoropropylene copolymers, vinylidene fluoride/perfluorovinyl ether copolymers, vinyli- 
dene ftuorideAetrafluoroethylene copolymers, vinylidene fluoride/trlfluoroethylene copolymers, vinylidene fluoride/, 
fluoroethylene copolymers, vinylidene fluoride/hexafluoroacetone copolymers, vinylidene fluoride/ethylene copoly- 
mers, vinylidene fluoride/propylene copolymers, vinylidene fluoride/trifluoropropylene copolymers, vinylidene fluoride/ 

10 tetraf luoroethylene/hexafluoropropylene copolymers, and vinylidene f luoride/ethyleneAetraftuoroethytene copolymers. 
[0082] The porosity of the separator for the lithium secondary battery is preferably 98% by volume or lower from the 
standpoint of strength. The porosity thereof is preferably 20% by volume or higher from the standpoint of charge/ 
discharge characteristics. 

[0083] As the separator for the lithium secondary battery may be used a polymer gel constituted of a polymer of, e. 
t5 g., acrylonltrile. ethylene oxide, propylene oxide, methyl methacrylate, vinyl acetate, vinylpyrrotldone, poly(vlnylidene 
fluoride), or the like and an electrolyte. 

[0084] Use of a nonaqueous electrolyte in such a gel iorm in the invention is preferred in that it has the effect of 
preventing liquid electrolyte leakage. 

[0085] Furthenmore, the separator for the lithium secondary battery desirably is one which comprises a combination 
20 of a porous film, nonwoven fabric, or the like such as that described above and a polymer gel because use of this 
separator Improves liquid electrolyte retention. Namely, the surface of a mk:roporous polyethylene film and the walls 
of the micropores are coated in a thickness of up to several micrometers with a polymer having afTinity for solvents 
and an electrolyte is caused to held in the micropores of the coated film . whereby the polymer having affinity for solvents 
gels. 

23 [0086] Examples of the polymer having affinity for solvents include poly{vinylidene fluoride) and polymers formed by 
the crosslinking of an acrylate monomer having an ethylene oxide group or ester group, epoxy monomer, monomer 
having isocyanate groups, or the tike. These nnonomers can be crosslinked with heating or ultraviolet (UV) in the 
presence of a free-radical initiator or crosslinked with actinic rays, such as electron beams (EB), or.the tike. 
[0087] For the purpose of regulating strength or properties, a property regulator can be incorporated into the polymer 

30 having affinity for solvents in such an amount as riot to inhibit ttie fbmiation of a crosslinked structure. Examples of the 
property regulator Include inorgank: fillers {metal oxides such as silicon oxide, titanium oxide, aluminum oxide, mag- 
nesium oxide, zirconium oxide, zinc oxide, and Iron oxide and metal carbonates such as calcium carbonate and rhag- 
nesium cai1)onate} and polymers {poty(vlnylldene fluoride), vinylidene fluoride/hexafluoropropytene copolymers, poly- 
acrylonltrite, poly(methyl methacrylate), and the like}. The amount of the property regulator to be added is generally 

35 up to 50% by weight, preferably up to 20% by weight, based on the crosslinkable monomer. 

[0088] Examples of the acrylate monomer include unsaturated monomers having a functionality of 2 or higher. Spe- 
cific examples thereof include difunctional (meth)acrylates {ethylene glycol dt(meth)acrylate, propylene glycol di(meth) 
acrylate, adipic acid dineopentyl glycol ester di(meth)acrylate, polyethylene glycol di(meth)acrylates having a degree 
of polymerization of 2 or higher, polypropylene glycol di(rTieth)acrylates having a degree of polymerization of 2 or higher, 

40 polvoxyethvlene/poiyoxyprppylene copolymer di(meth)acrylates, butanediol di ( meth)acrylate, hexamethylen e glycol 

di(meth)acrylate, and the like}, trifunctlonal (meth)acrylates {tnmethylolpropane tri (meth) acrylate, glycerol tri(methy 
acrylate, tri(meth)acrylate8 of ethylene oxide adducts of glycerol, trl(meth)acrylate8 of propylene oxide adducts of glyc- 
erol, tri(meth)acrytates of ethylene oxide/propylene oxide adducts of glycerol, and the like) , and (meth)acrytates having 
a functionality of 4 or higher {pentaerythritol tetra(meth)acrylate, diglycerol hexa(meth)acrylate, and the like}. These 

45 monomers can be used alone or in combination. 

[0089] A monof unctional monomer may be added to the acrylate monomer for the purpose of property regulation, 
etc. Examples of the monofunctional monomer include unsaturated carboxylic acids {acrylic acid, methacrylic acid, 
crotonic acid, cinnamk: acid, vinylbenzoic acid, maleic acid, fumarc acid, itacpnk: acid, citraconic acid, mesaconic acid, 
methylmalonic acid, aconltic acid, and the like}; unsaturated suffonk: acids {styrenesutfonic acid, acrylamido-2-meth- 

so ylpropanesulfonlc acid, and the like} or salts of these (lithium salts, sodium salts, potassium salts, ammonium salts, 
tetraalkylammonium salts, and the like); those unsaturated carboxylic acids partly esterified with a C^-C^a aliphatic or 
alicyclic alcohol, alkylene (C2-C4) glycol, polyalkylene (C2-C4) glycol, or the like (methyl mateate, monohydroxyethyl 
maleate. and the like) and partly amidated with ammonia or a primary or secondary amine (maleic acid mbnoamide, 
N-methylmaleic acid monoamide, N,N-diethylmalelc acid monoamide, and the like); (meth)acry}ic esters [esters of 

S5 (meth)acrylic acid with a Ci-C^g aliphatic (e.g.. methyl, ethyl, propyl, butyl, 2-ethylhexyl, or stearyl) alcohol and esters 
of (meth)acrylic acid with an alkylene (C2-C4) glycol (ethylene glycol, propylene glycol. 1 ,4-butanediol, or the like) and 
with a polyalkylene (C2-C4) glycol (polyethylene glycol or polypropylene glycol)]; (meth) aery tamlde or N-substituted 
(meth)acrylamides [(meth)acrylamide. N-methyl(meth)acrytamide, N-methylol(meth)acrylamide, and the like]; vinyl es- 
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ters or allyl esters [vinyl acetate, allyl acetate, and the like]; vinyl ethers or allyl ethers [butyl vinyl ether, dodecyl allyl 
ether, andthe IlkeJ; unsaturated nitrile compounds [(meth)acrylonitrile. crotononitrile. andthe like]; unsaturated alcohols 
[(meth)allyl alcohol and the like]; unsaturated amines ((meth)allylamlne. dimethylaminoethyl (meth)acrylate. diethyl- 
amlnoethyl (meth)acrylate. and the like); heterocycle-contalning monomers [N-vinylpyrrolidone. vinylpyhdlne and the 
like]; oleflnic allphatlchydrocafbons [ethylene, propylene, butylene. isobutylene. pentene, (Cb-Cso) a-oieflns,' and the 
like]; oleflnic alicycllc hydrocarbons [cyclopentene. cyclohexene, cycloheptene, norbomene, and the like]; oleflnic ar- 
omatic hydrocarbons (styrene. a-methylstyrene. slilbene. and the like]; unsaturated imides [malelmide and the like] 
and halogen-containing monomere [vinyl chloride, vinyildene chloride, vinylidene fluoride, hexafluoropropylene. and 
tn© fiko]. 

[0090] Examples of the epoxy monomer include glycidyl ethers (bisphenol A diglycidyl ether, bisphenol F diglycidyl 
ether, bromlnated bisphenol A diglycidyl ether, phenol-novolac glycidyl ether, cresol-novolac glycidyl ethor and the 
like), glycidyl esters (hexahydrophthalte acid glycidyl ester, dimer acid glycidyl esters, and the like}, glycidylamines 
{triglycidyl Isocyanurate, tetraglycidyldiamlnophenylmethane. andthe like}, linear aliphatic epoxides {epoxidized polyb- 
utadiene. epoxidized soybean oil. and the like), and alicyclic epoxides [3.4-epoxy-6-methylcyclohexylmethytearboxy- 
late, 3.4-epoxycyclohexylmethylcarboxylate. and the like). These epoxy resins can be used atone or after having been 
cured by addition of a hardener thereto. 

[0091 J Examples of the hardener include aliphaticpolyamines {diethylenetriamine. triethylenetetramine 3 9-(3-ami- 
nopropyl)-2.4.8.1 0-tetraoxa8piro[5,5]undecane. and the like), aromatic polyamines {m-xyienediamine. diaminophenyl- 
methane. and the like), polyamides {dImer acid polyamides and the like), acid anhydrides (phthalic anhydride tetrahy- 
dromethylphthalic anhydride, hexahydrophthallc anhydride, trimellitic anhydride, and methylnadic anhydride) phenol 
compounds {phenolk: novolacs and the like}, polymercaptans {polysulfides and the like), tertiary amines {trisfdimeth- 
ylarninomethyl)phenol, 2-ethyl-4-methylimida2ole. and the like), and Lewis acid complexes {boron trifluoride/ethyl- 
amlne complex and the like). 

[0092] Examples of the monomer having Isocyanate groups include toluene diisocyanate. diphenybnethane difso- 
cyanate. 1 .G^hexamethyiene diisocyanate. 2.2.4(2.2.4)-trlmethylhexamethylene diisocyanate. p-phenylene diisocy- 
anate. 4,4--dk:yclohexylmethane diisocyanate. 3.3'-dlmethyldlphenyl 4.4'-diisocyanate. dianisidine diisocyanate m- 
xylene diisocyanate, trimethylxylene diisocyanate. isophorone diisocyanate, 1 ,5-naphthalene diisocyanate. tr^ns- 
1.4-cyclohexyl diisocyanate, and lysine diisocyanate. 

[0093] In crosslinking the monomer having isocyanate groups, a compound having active hydrogen may also be 
used. Examples of this compound include polyols and polyamines [difunctlonal compounds {water, ethylene gVcol 
propylene glycol, diethylene glycol, dipropylene glycol, andthe like), trifunctlonal compounds {glycerol. trimethykJlpro- 
pano, 1.2,6-hexanetriol. triethanolamlne, and the like), tetrafunctlonal compounds {pentaerythritol. ethylenediamine 
tolylenedlamlne, dlpheny|methanedlamlne, tetramethylolcyclohexane. methylglucosldes. andthe like), pentafunctiohai 
compounds {2,2,6,6-tetrakls(hydroxymethyl)cyclohexanol. diethylenetrtamlne, and the like), hexafunctional com- 
pounds {sorbitol, mannltol. dutoitol. and the like), and octafunctional compounds {sucrose and the like}] polyether 
polyols {propylene oxide and/or ethylene oxide adducts of the polyols or polyamines mentioned above), and polyester 
polyols [condensates of the aforementioned polyols with a polybasic acid{adipic acid, o-. m-. orp-phthalte acid succinic 
acid, azelak: acW, seback: acid, or ricinoleic acid), polycaprolactone polyols {poly-e-caprolactone and the tike) poh^ 
condensates of hydroxycarboxylic acids, and the like]. 
. [00941 Acatalystmay also be used In cond u cting the cro ssli nking reaction. E xam ples of the cata lyst include organQtip 
compounds, trialkylphosphines, amines [monoamines {N.N-dimethyteyclohexylamine, triethylamine, and the like) cy- ' 
die monoamines {pyridine, N-methylmorpholine. andthe like), diamines {N.N.N'.N.'-tetramethylethyienediamine N N 
N ,N -tetramethyl-1 ,3-butanediamlne, and the like), triamines {N.N.N'.fsr-pentamethyldiethylenetriamine and the like}' 
hexamlnes {N,N.N',N'-tetra(3-dimethylaminopropyl)methanedlamlne and the like), cyciki polyamines {diazabk^clooc^ 
tane (DABCO), N.N'-dimethylpiperazine, 1 ,2.dimethylimidazole. 1.8-dia2ablcyclo(5.4.0)undecene.7 (D8U) andthe 
like), and salts of these. 

[0095] A lithium secondaiy battery according to the invention is produced preferably by a method which comprises 
superposing a separator for the lithium secondaiy battery, a positive electrode, and a negative electrode infiltrating 
an electrolyte thereinto, for example, before or after the superposition, and finally sealing the case with a sheathing 
materia^. In the case of a lithium secondaiy batteiy employing a wound power generating element comprising a posithre 
electrode and a negative electrode which have been superposed on each other through a separator for the lithium 
secondary battery, it Is prefen-ed that an electrolyte be infiltrated into the power generating element before and after 
the winding. Although the infiltration may be conducted at ordinaiy pressure, the vacuum impregnation method or the 
pressure impregnation method can be used. 

[0096) Examples of the material of the sheathing material in the lithium secondaiy battery include nickel-plated Iron 
stainless steel, aluminum, and metal/^esin composite films. For example, a metal/resin composite film having a con- 
stitution comprising resin films and a metal foil sandwiched therebetween is preferred. Examples of the metal foil are 
not particularly limited as long as they are fbils of aluminum, iron, nkskel, copper, stainless steel, titanium, gold silver 
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or the like which are free from pinholes. However, aluminum foils are preferred because they are lightweight and 
inexpensive. Preferred for use as the resin film to be disposed on the outer side in the battery is a resin film having 
excellent piercing strength, such as a poly(ethylene terephthalate) film or nylon film. Preferred as the resin film to be 
disposed on the inner side in the battery is a film which is fusion-bondable and has solvent resistance, such as a 
polyethylene film or nylon film. 

[0097] The constitution of th6 lithium secondary battery is not particularly limited. Examples thereof include a coin 
battery and button battery which each have a positive electrode, negative electrode, and separator of a single-layer 
or multilayer structure, and f urthei* include a cylindrical battery, prismatic battery, and flat type battery which each have 
a positive electrode, negative electrode, and roll-form separator 

<Exannple> 

[0098) The Invention will be explained below in more detail by reference to Examples. However, the Invention should 
not be construed as being limited by the following statements, and the test methods and the positive active material, 
negative-electrode material, positive electrode, negative electrode, electrolyte, separator, battery shape, etc.. of each 
battery fabricated are not particularly limited. 

(EXAMPLE 1) 

[0099] Into a closed type reaction vessel was Introduced 3 L (liters) of water. Thereto was added 32% aqueous 
sodium hydroxide solution in such an amount as to result In a pH of 11 .6. The contents were stirred with a stirrer having 
a paddle type stirring blades at 1 ,200 rpm, and the temperature of the solution in the reaction vessel was kept at 50**C 
with a heater. Furthermore, argon gas was passed through the solution to remove dissolved oxygen. 
[0100] On the other hand, a starting-material solution was prepared. The starting-material solution to be used in this 
Example was obtained by mixing an aqueous manganese sulfate (MnS04) solution with an aqueous nickel sulfate 
(NiS04) solution, aqueous cobalt sulfate (C0SO4) solution, and aqueous hydrazine (NH2NH2) solution so as to result 
in a manganese concentration of 0.633 mol/L, nickel concentration of 0.563 mol/L, cobalt concentration of 0.563 mol/ 
L, and hydrazine concentration of 0.0101 mol/L. 

[0101] White the solution in the reaction vessel was kept being stirred, the starting-material solution was continuously 
dropped into the reaction vessel at a rate of 3.2 mL/min. Simultaneously with this. 1 6 mol/L ammonia water was dropped 
into the reaction vessel at a rate of 0.2 mL/min. Furthennnore. 32% aqueous sodium hydroxide solution was intennittentty 
Introduced so as to keep the pH of the solution in the reaction vessel constant at 11 .6 (±0.05). The resultant sluny was 
discharged from the system with a flow pump so as to always keep the solution amouiit constant at 3.0 L. After 60 
hours had passed from Initiation of the dropwise addition of the starting-material solution and before 5 hours had further 
passed therefrom, the coprecipltation product slurry was sampled. The slurry sampled was washed with water, filtered, 
and dried at 1 00*^0 overnight to obtain a powder of an Ni-Mn-Co coprecipltated precursor. Analysis by X-ray dlffrac- 
tometry revealed that the Ni-Mn-Co coprecipltated precursor mainly comprised a p-NI(OH)2 type crystal structure. 
[0102] The Nl-Mn-Co coprecipltated precursor and a powder of lithium hydroxide monohydrate were sufficiently 
mixed with each other In such weighed amounts as to result in an LI/(Ni+Mn4-Co) atomic ratio of 1 .1 . This mixture was 
. gharged lnto a pot made of alumina. Using an electric furnac e through which d ry ai r was kept being passed, the mixture 
charged was heated to 1 ,000''C at a rate of lOO^'C/hr, held at 1 ,000''C for 15 hours, subsequently cooled to eoO^'C at 
a rate of 100*^C/hr, and then allowed to cool. Thus, an U-Mn-NI-Co composite oxide was obtained. Analysis by X-ray 
diffractometry revealed that the Ll-Mn-Ni-Co composite oxide obtained mainly had an a-NaFeOj* structure belonging 
to the space group R3-m. Through compositional analysis by ICP spectroscopy, the composition of the composite 
oxide was ascertained to be Li^^Mn^ 3eNio.32^0o.3202* specific surface area thereof as measured by the 

nitrogen adsorption method was 0.5 m^/g. Furthermore, particles of the composite oxide were examined with a scan ning 
electron mteroscope (SEM). As a result, secondary particles each made up of aggregated primary particles of a nearly 
cubical shape were observed. A hundred primary partldes arbitrarily selected were examined for primary-particle di- 
ameter through approximation to spheres. As a result, the primary-particle diameter thereof was found to be 2.6 (im. 

(EXAMPLE 2) 

[0103] An Mn-Ni-Co copreclpitated precursor was produced in the same manner as in Example 1 , except that use 
was made of a starting-material solution obtained by mixing an aqueous manganese sulfate (MnS04) solution with an 
aqueous nickel sulfate (NiS04) solution, aqueous cobalt sulfate (C0SO4) solution, and aqueous hydrazine (NH2NH2) 
solution so as to result In a manganese concentration of 0.91 5 mol/L, nickel concentration of 0.422 mol/L, cobalt con- 
centration of 0.422 mol/L, and hydrazine concentration of 0.01 01 mol/L. Analysis by X-ray diffractometry revealed that 
the Mn-NI-Co coprecipltated precursor mainly comprised a p-Ni(OH)2 type crystal structure. 
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f ^"-^1'^° coprecipitated precursor obtained and a powder of lithium hydroxide monohydrate were 
th!Sl,T ° ^" '-''('^'*'«"+Co) atomic ratio of 1 .3. Ar, LI-IVIn-Ni-Co composite oxide was obtained 

ttierefrorn In the same manner as in Example 1 . As a result of analysis of the thus-obtained Li-Mn-NI-Co composite 
ll^l^l ^'^^ d,ff ractometry. a diffracted ray thought to be assigned to an U^MnO^ phase was observed at21 • brides 
, .K Sf, st^cture belonging to the space group R3-m. The ratio of the intensity of the diffracted ray at 26=21- to that 
of the diffracled ray at 26=18.6' was calculated and was found to be 0.02. Thnjugh compositional analysis by ICR 
spectroscopy, the composlUon of the composite oxide was ascertained to be Li, gMno kNU ,.Cor, ,.0, The BET soe- 
cific surface area thereof was 0.6 m^/g. As a result of examination with a sca;,nlng°e?ect?on microS'ope s«:onda^ 
olTll T^^T^ T f .^SS^S^^^** P"'^^^ P«^'='«« « "««^'y <="bical shape were obsen/ed. A hundred prima? 
partwies arbitrarily selected were examined for average diameter through approximation to spheres end. as a resutt 
the average diameter thereof was found to be 1. 5 ^m. . ooaicsu.i, 

(EXAMPLE 3) 

w« moH?"f'^"'/^lf ° coprecipitated precursor was produced in the same manner as in Example 1 . except that use 
was made of a starting-matenal solution obtained by mixing an aqueous manganese sulfate (MnSOJ solution with an 
aqueous nickel sulfate (NiSO^ solution, aqueous cobalt sulfate (CoSOJ solution, and aqueous hydL^e mH»NH 
solution so as to result in a manganese concentration of 0.915 mol/L, niclcel concentration of 0.756 mol/L. cobatt co^ 
th« m"! ? ^y*^'^'"® concentration of 0.01 01 mol/L. Analysis by X-ray diffractometry revealed that 

the Mn-Ni-Co coprecipitated precursor mainly comprised a p-Ni(OH)2 type crystal structure 

■ u^-."^! coprecipitated precursor obtained and a powder of lithium hydroxide monohydrate were 

t^eSfolt .H° "^'^ '-''('^'^~'"^°) ^'<^^ -tlo of 1.1. An Li-iyin-Ni-Co composite oxide was obtaTed 

oxT^^TJ^ ?-u H « manner as in Example 1 . As a result of analysis of the thus-obtained LI-IW!n-Ni-Co composite 

.h«r;;I^fh?^H? i." w"** ^° ^^^^ "^^ "^"^'^y °* t^e diffracted ray at 28=22- to 

that of the diffracted ray at 29=18.6- was calculated and was found to be 0.03. Through compositional analysis by ICP 
spectr<»copy. the composition of the composite oxide was ascertained to be Li^ , Mno „N\o 43C00 The BET soe- 
Zn^T!^ y^r^ ° « -^^9 ^ « examination with a scanning°eTect?^ mi^r^scop^s^nda^ 

T^^l "IL P""'«'y P««'<='«« « "early cubical shape were obsenred. A hundred priman^ 

th^^n? iS^. r'** 1"^'"*** ^"^'^^^ app«,ximation to spheres and. as a resuJ^ 

the average diameter thereof was found to be 0.8 iim. 

(EXAMPLE 4) 

[0107] An Mn-Ni-Co coprecipitated precursor was produced In the same manner as in Example 1. except that use 
was made of a starting-materiai solution obtained by mixing an aqueous manganese sulfate (MnSO.) solution with an 
aqueous nickel sulfate (NiSO^ solution, aqueous cobalt sulfate (CoSO,) solution, and aqueous hy^LlneTNlT'NH,) 
solution so as to result in a manganese concentration of 0.792 mol/L. nickel concentration of 0.352 mol/L. cobattcon- 
the Mn S; ? ° ^ T^^"'' concentration of 0.0101 mo^. Analysis by X-ray diffractometnr r^^eari^at 

■■!.^ ? f f fPrec'Pltated precur sor obt ained mainly comprised a B-NifOH );. type crystal structure. 

J^iSL/lf coprecipitated precursor obtained and a powder of lithium hydroxide monohydrate'^r;' 

. r '° ^" '-i/{Ni^Mn^Co) atomic ratio of 1.2. An Li-Mn-NI-Co composite oxide was obtained 

nl?^[!!^ L^^.® ^ ^^P'^ ^ -^^ °* t*'* thus-obtained U-Mn-Ni-Co composite 

compositional analysfe by ICP spectroscopy, the composltton of the composite oxide was ascertained to be 
„ n« ^i^**^-^. ^ ^"^"^ °^ "^^9 ^ a result of examination with a scan- 

w^ L^^r!!^! ITT'^^f"''^'^ ^^'"'^'^^ ^^''^ ""^^^ °' «99r«9ated primary particles of a nearty cubical shape 
were obsen^ed. A hundred primary particles art,itrarily selected were examined for average diameter through appmx- 
imatlon to spheres and, as a result, the average diameter thereof was found to be 1 .5 nm. 

(EXAMPLE 5) 

[0109] An Mn-Ni-Co coprecipitated precursor was produced in the same manner as in Example 1 except that use 
was nr»de of a starting-material solution obtained by mixing an aqueous manganese sulfate (MnSO J solution with an 
aqueous nickel sulfate (NiS04) solution, aqueous cobalt sulfate (C0SO4) solution, and aqueous hydrazine (IMH,NH,^ 
^!mrlTnTn ^of ^ "\^"9anese concentration of 0.61 6 mol/L. nickel concentration of 0.352 mol/L. cobalt co^ 
Z r ^H"^ ^^'^'^'"^ concentration of 0.01 01 mol/L. Analysis by X-ray diffractometry revealed that 

the Mn-Ni-Co coprecipitated precursor obtained mainly comprised a p-NI(OH)2 type crystal structure 
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[0110] The Mn-NI-Co coprecipitated precursor obtained and a powder of lithium hydroxide monohydrate were 
weighed out so as to result In an LI/(NI+Mn+Co) atomic ratio of 1.2. An Li-Mn-Ni-Co composite oxide was obtained 
therefrom in the same manner as In Example 1 . As a result of analysis of the thus-obtained Li-Mn-Ni-Co composite 
oxide by X-ray diffractometry, an a-NaFeOg structure belonging to the space group R3-m was mainly detected. Through 
5 compositional analysis by ICP spectroscopy, the composition of the composite oxide was ascertained to be 
□i iMnQ 33NI0 2C004562. The BET specific surface area thereof was 0.4 m2/g. As a result of examination with a scan- 
ning electron microscope, secondary panicles each made up of aggregated primary particles of a nearly cubical shape 
were observed. A hundred primary particles arbitrarily selected were examined for average diameter through approx- 
imation to spheres and, as a result, the average diameter thereof was found to be 1 .4 pjn. 

10 

(EXAMPLE 6) 

[0111] An Mn-NI-Co coprecipitated precursor was produced in the same manner as in Example 1 , except that use 
was made of a starting-material solution obtained by mixing an aqueous manganese sulfate (MnS04) solution with an 
15 aqueous niclcel sulfate (NiS04) solution, aqueous cobalt sulfate (C0SO4) solution, and aqueous hydrazine (NH2NH2) 
solution so as to result in a manganese concentration of 0.290 mol/L, nickel concentration of 0.290 mol/L, cobalt con- 
centration of 1 .179 mot/L. and hydrazine concentration of 0.01 01 mol/L. Analysis by X-ray diffractometry revealed that 
the IMn-Ni-Co coprecipitated precursor mainly comprised a p-Ni(OH)2 type crystal structure. 

[0112] The Mn-NI-Co coprecipitated precursor obtained and a powder of lithium hydroxide monohydrate were 
^ weighed out so as to result in an Li/(Ni+Mn+Co) atomic ratio of 1.0. An Li-Mn-Ni-Co composite oxide was obtained 
therefrom In the same manner as In Example 1 . As a result of analysis of the thus-obtained Li-Mn-NI-Co composite 
oxide by X-ray diffractometry. an a-NaFeOs structure belongingto the space group R3-m was mainly detected. Through 
compositional analysis by ICP spectroscopy, the composition of the composite oxide was ascertained to be 
Li., oMno.i65N^o.i65^0o.6702- The BET specific surface area thereof was 0.4 m^/g. As a result of examination with a 
ss scanning electron microscope, secondary particles each made up of aggregated primary particles of a nearly cubical 
shape were observed. A hundred primary particles arbitrarily selected were examined for average diameter through 
approximation to spheres and, as a result, the average diameter thereof was found to be 2.0 ^.m. 

(EXAi^PLE 7) 

30 

[0113] An Mn-NI coprecipitated precursor was produced in the same manneras in Example 1 , except that use was 
made of a starting-material solution chained by mixing an aqueous manganese sulfate (MnS04) solution with an 
aqueous nickel sulfate (NiS04} solutloi; so as to result in a manganese concentration of 0.880 rriolA. and a nickel 
concentration of O.BBO mol/L. Analysis by X-ray diffractometry revealed that the Mn-NI coprecipitated precursor ob- 

33 tained mainly comprised a p-NI(OIH)2 type crystal structure. 

[0114] The Mn-NI coprecipitated precursor obtained was mixed with tricobatt tetroxide (C03O4) and LiOH in such 
amounts as to result in an Li:Mn:Ni:Co atomic ratio of 1 .0:0.165:0.165:0.67 by means of a planetary powder mixer. 
This mixture was heat-treated underthe same conditions as in Example 1 to thereby produce an Li-Mn-Ni-Co composite 
oxide. As a result of analysis of the Li-Mn-Ni-Co composite oxide by X-ray diffractometry, an a-NaFe02 structure 
. belonging t o the space group R3-m was mainly detected. Through compositional analysis by ICP spectroscopy, the 
composition of the composite oxide was ascertained to be Li., oMnQ .(gsNIg .,Q5Coo.6702-The Bfc 1 specific surface area 
thereof was 0.5 m^/g. As a result of examination with a scanning electron microscope, secondary particles each made 
up of aggregated primary particles of a nearly cubical shape were observed. A hundred primary particles arbitrarily 
selected were examined for average diameter through approximation to spheres and, as a result, the average diameter 

^ . thereof was found to be 1 .8 p.m. 

(EXAMPLE 8) 

[0115] An Mn-Ni-Co coprecipitated precursor was produced in the same manner as in Example 1 , except that use 
so was made of a starting-material solution obtained by mixing an aqueous manganese sulfate (MnS04) solution with an 
aqueous nickel sulfate (NiS04) solution, aqueous cobalt sulfate (C0SO4) solution, and aqueous hydrazine (NH2NH2) 
solution so as to result in a manganese concentration of 0.880 mol/L, nickel concentration of 0.440 mol/L. cobalt con- 
centration of 0.440 mol/L, and hydrazine concentration of 0.01 01 mol/L, and that the inert-gas bubbling in the reaction 
vessel was omitted. As a result of analysis by X-ray diffractometry, diffracted rays were observed at around 26=1 0** 
S5 and around 28=22° besides an intense diffracted ray at around 28=20'', showing that the Mn-NI-Co coprecipitated 
precursor had both p-Ni(OH)2 and an a-Ni(OH)2 type crystal structure. 

[0116] The Mn-Ni-Co coprecipitated precursor obtained and a powder of lithium hydroxide monohydrate were 
weighed out so as to result In an Li/(Ni+Mn+Co][ atomic ratio of 1 .1. An Li-Mn-Ni-Co composite oxide was obtained 
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Tb^rtaniS to ;„Ti Mnn oh' " ^'^T' ^ ' "^^ °' ""^'y^'" '^-^^y dWractometry. « diffracted ray thought 
R3.m. The ratio of the intensity of the diffracted ray at 20^22- to that of the diWracted ray at 2^1 7- wi ca^uiateS 
oxTde ^L a^s^en:.^^^^^^^^^ composrtiona. anaiyste by ICP spectroscopy. tt,e cUosttton of^ c^'mpote 

ori™~^»!^^ ^^f ^. ^ ^® BET specific surface area thereof was 0.6 mZ/g A hundred 

emoBdlTmlSMH K «'ft«* frc"" ones observed with a scanning eieclron microscope were examined fo^Lv 
eraged«rneterthroughapproximationtospheresand.asaresu^.lheaveragediamelerthereo^was^ound^t«^0^^^ 
(COIV1PARATIVE EXAiVlPLE 1) 

wi^m-H?"f'^";'^lf "'^'^^P*^^^ precursor was produced in the same manner as in Example 1 except that use 

was made of a starting-material solution obtained by mixing an aqueous manqanese sulfate rMnso 

aqueous nicKel su«ate (NiSO^ solution, aqueous cobalt sulfate Cosi)To3on andl^^^^^^^^^ 

^rofo iTm"^^ \ZTT^' concentration of 1 .055 mo.L. n^ke. concentratio'n o' 0 Latr cobafco^! 

thTlI^ wTf . r!^' •hydrazine concentration of 0.0101 mol/L. Analysis by X-ray dlffractometiy revealed mat 

10118] The Mn-Ni-Co copreclpitated precursor obtained and a powder of lithium hvdr«>ririo m«n«K..^, ♦ 
tTerefromlntr ^ ««o o, 1.3^n U-lSn-t^TcXost o^e^^^^ 

t?bSned3LI ^'""f ' • ^ ""^^^ ""-'^ diffractomet'ry. a diffracted r^y thoS 

oTdeTairern^dTbe^r^^^^^^^ 

eraged.arneterthroughapproximatlontosphere8and.asaresult.theaveragediametertherBifwas?ouJ^^^^^ 
(COiyflPARATIVE EXAMPLE 2) 

wi' mad^ of a stalifn^ m^r'^T? '"'l"'^"' "^^"''^ Example 1 . except that use 
was made of a starting-material solution obtained by mixing an aqueous manoanese sulfate fiun«5n c«h^i„L L 

tZZ:JT. ""'t ^''"^^"^ '"^^^ ?CoSO jTZ«on and aq^^^^^^^^^ 

solution so as to result in a manganese concentration of 0.704 mol/L. nickel concentration of o 1 76 mofr J.kST*' 

m20l -tJL mTm??"*'*'' "Tr"' "'^'"'y « type crystal stS^^^ ""^^ 

wJlSin I^t ° copreclpitated precursor obtained and a powder of lithium hydroxide monohydrate were 

thereirdtr ^ ^" '-■/(Ni.Mn.Co) atomic ratio of 1 .3. An U-l^n-NI-Co composite o^^w^ 

tTbTZ^nrd tra^rro" ^""""t ' ^"^"•^ °' ""^'^^^ ^-^y a dltrracJed^y* ougW 

(COMPARATIVE EXAMPLES) 

[0121J An Mn-Ni-Co copreclpitated precursor was produced in the same manner as in Example 1 exceoi that u«« 

^^^'''^'^ ^"^'"9 manganese suLe (MnSoli sSn wi h an 

aqueous nickel sulfate (NiSO,) solution, aqueous cobalt sulfate (CoSOJ sol^lon. and aqueoufhSS^"^^^^^^^ 

«nT/iTm"oM 

thTMr: T^' ^ ''y«"a2'"e concentration of 0.01 01 mol/L. Analysis by X-ray diffractometrv revealed that 

[01221 The Mn-NI-Co copreclpitated precursor obtained and a powder of lithium hydroxide monohwrirato u..,^ 
tTeSromTn th" " '° ^" ^'^''^'"^^-^ ^^^"^ -tio of 1.2' An U-Mn-IJ!STcXTst ox^SS 0^3 

ore SrX rardlfZtrZ"' ^ IT"'" ^ ^"^""^ ^"^"y^'* thus-Obtained Li-Mn-Nt^TcomrsS 
oxide by X-ray dWractometfy. an o-NaFeOg structure belonging to the space group R3-m was malnlv detected shnwinn 
that the composite oxide had an a-NaFeO, structure. Through composttional an'alysis by S^s^^W C^^^^ 
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position of the composite oxide was ascertained to be Li12Mno.2Nio.1Coo.7O2. The BET specific surface area thereof 
was 0.8 m^/g. A hundred primary particles arbitrarily selected from ones observed with a scanning electron microscope 
were examined for average diameter through approximation to spheres and, as a result, the average diameter thereof 
was found to be 2.6 \im. 

9 [0123] Properties of the composite oxides (positive active materials) according to Examples 1 to 8 and Comparative 
Examples 1 to 3 are summarized in Table 1 . The compositions of all of the Li-Mn-Ni-Co composite oxides produced in 
the Examples and Comparative Examples are shown in the ternary phase diagram of Fig. 1 in terms of the values of 
a, b, and c In the composite formula LixMnaNi|,C0eO2. 

10 Table 1 



30 



Positive active 
material 


Composition in LlxMn3Ni|^C0cO2 


Li-Mn-NI-Co composite oxide 






a 






lntoncit%/ ratio 
iiiioiioiiy 1 aiiu 

between 

diffracted rays 
(s/m) 


surface area m^/g 


13 ri nn A n#>n£i rti ot A 
r fiiiiciry pisiiubic 

diameter pm 


Example 1 


1.1 


0.360 


0.320 


0.320 




0.5 


2.6 


Example 2 


1.3 


0.520 


0.240 


6.240 


0.02 


0.6 


1.5 


Example 3 


1.1 


0.520 


0.430 


0.050 


0.03 


0.6 


0.8 


Example 4 


1.2 


0.450 


0.200 


0.350 




0.5 


1.5 


Example 5 


1.2 


0.350 


0.200 


0.450 




0.4 


1.4 


Example 8 


1.0 


0.165 


0.165 


0.670 




0.4 


2.0 


Example 7 


1.0 


0.165 


0.165 


0.670 




0.5 


1.8 


Example 8 


1.1 


0.500 


0.250 


0.250 


0.06 


0.6 


2.0 


Comparative 
Example 1 


1.3 


0.600 


0.200 


0.200 


0.04 


1.5 


2.4 


Comparative 
Example 2 


1.3 


0.400 


0.100 


0.500 


0.03 


0.3 


2.1 


Comparative 
Example 3 


1.2 


0.200 


0.100 


0.700 




0.8 


2.6 


* In the column "Intensity ratio between diffracted rays". 
" — " indicates that the diffracted ray s was not detected. 







( Production of Lithium Sec ondary Batteries) 



[0124] Each of the Li-Mn-Ni-Co composite oxides obtained in the Examples and Comparative Examples was used 
as a positive active material to produce a battery. The positive active material, acetylene black as a conductive material, 
and poly(vinyiidene fluoride) (PVdF) as a binder were mixed together in a proportion of 85:10:5 by weight. Thereto 

45 was added N-methyl-2-pyrrolidone (NMP). The resultant mixture was sufficiently kneaded to obtain a positive-electrode 
paste. This positive-electrode paste was applied to one side of an aluminum foil cun^ent collector having a thickness 
of 20 pm, and the coating was allowed to dry naturally at an ordinary temperature of about 25*'C. Subsequently, the 
paste was likewise applied to the other side and allowed to dry naturally at an ordinary temperature of about 25°C. 
Thereafter, the coated foil was dried at 130''C under reduced pressure for 12 hours, subsequently pressed, and then 

so cut into a l-cm^ disk. Thus, a positive electrode was obtained. 

[0125] Artlftolal graphite (average parttele diameter, 6 \m\ latttee spacing (doo2) determined by X-ray diffractometry, 
0.337 nm; crystalline size in c-axis direction (Lc), 55 nm) as a negative-electrode material was mixed with poly(vlnyli- 
dene fluoride) (PVdF) in a proportion of 95:5 by weight. Thereto was added N-methyi-2-pyrrolidone (NMP). This mixture 
was sufficiently kneaded to obtain a negative-electrode paste. Subsequently, the negative-electrode paste was applied 

55 to one side of a 1 2 ^-thick electrolytic copper foil on a copper foil current collector having a thickness of 1 5 fim and 
allowed to dry naturally at an ordinary temperature of about 25**C. Thereafter, the negative-electrode paste was likewise 
applied to the other side and allowed to dry naturally at an ordinary temperature of about 25*C, Furthermore, the coaled 
foil was dried at 130*>C under reduced pressure for 12 hour?, subsequently pressed, and then cut into a l-cm^ disk. 
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10 



15 



20 



23 



30 



Thus, a negative electrode was obtained. 

I0126J LiPFe. a fluorine-containing electrolyte salt, was dissolved in a concentration of 1 mol/L In a mixed solvent 
prepared by mixing ethylene carbonate with diethyl carbonate in a proportion of 1 : 1 by volume to produce a nonaqueous 
electrolyte. This electrolyte had a water content regulated to below 20 ppm. 

[01 27] Using the members.descrlbed above, a coin type lithium secondary battery was fabricated In a dry atmosphere 
having a dew point of -50» or lower. The positive electrode was press-bonded, before use, to a positive-electrode can 
having a positive-electrode current collector. The negative electrode was press-bonded, before use. to a neqative- 
e Krtrode cari having a negative-electrode current collector. A coin type lithium secondary battery having a diameter 
of 20 mnr. and a thickness of 1 .6 mm was fabricated using the positive electrode, negative electrode, and electrolyte 
described above and a separator. •"■yw» 

(inventive Batteries 1 to 7 and Comparative Batteries 1 to 3) 

[0128] The Li-Mn-Ni-Co composite oxides obtained in Examples 1 to 7 and Comparative Examples 1 to 3 were used 
as positive active materials to fabricate lithium secondary batteries by the method described above These batteries 
are referred to as inventive batteries 1 to 7 and comparative batteries 1 to 3. respectively 

(Charge/Discharge Cycle Test) 

!.ol?5 J'f '•«"f'y^««'"Pf we"^ produced with respect to each of inventive batteries 1 to 7 and Comparative 
S«™ rh«„!' '=y='«s o» 'o*-rate charge/discharge. This charge was constant-current constant- 

™t«„t!^^l V^T^ conditions of a current of 0.1 ItA and a voltage of 4.2 V. while the discharge was 

constantKJurrent discharge conducted under the conditions of a current of 0.1 ItA and a final voltage of 3 OV The 
discharge capacity (mAh) as measured in the 10th cycle is shown in Table 2. » • • 

[0130] Subsequently, the 11th and succeeding cycles were conducted as a high-rate charge/discharge cycle test 
Vl^^T^f !r?vf°"!!f ~'»tent-voltage charge conducted under the conditions of a current of 5.0 ItA and 

« n itfl ? ;f ; the discharge was constant-current discharge conducted under the conditions of a current of 

fh« TnT^J TT °* ^ "^"^ "^^"^^^^ '^^^'^"'^^ ^ measured at the 11th cycle and 60th cycle of 
the 5.0-ltA charge/discharge are shown in Table 2. The percentage of the discharge capacity at the 60th cycle to the 
discharge capacity at the 1 1th cycle is also shown in Table 2 as "capacity retention (%)- 



Battery 


Discharge capacity 
in 10th cycle mAh/g 
(0,1 ItA) 


Discharge capacity 
In 11th cycle mAh/g 
(5.0 ItA) 


Discharge capacity 
in 60th cycle mAh/g 
(5.0 ItA) 


Capacity retention % 


Inventive battery 1 


140 


91.0 


90.4 


99.3 


Inventive battery 2 


130 


91.0 


82.6 


90.8 


Inventive battery 3 


139 


97.3 


95.9 


98.6 


Inventive battery 4 " 


130 


97.5 


96.0 


98.5 


Inventive battery 5 


137 


109.6 


108.0 


98.5 


Inventive battery 6 


156 


124.8 


121.6 


97.4 


Inventive battery 7 


156 


124.8 


121.6 


97.4 


Comparative 
battery 1 


60 


36.0 


6.0 


16.7 


Comparative 
battery 2 


100 


70.0 


45.5 


65.0 


Comparative 
battery 3 


145 


116.0 


104.0 


89.7 



33 



40 



43 



SO 



S3 



(Relationship between Elemental Constitution and Battery Performance) 

\V^\ ""^^ ®" '^^"'^ ^^"^'y ^^^^^ ^" ^^^^^ 2, the Inventive batteries, which employed 

Li-Mn-Ni-Co composite oxides having a composition within the compositional range specified in the invention, had a 
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higher discharge capacity than the comparative batteries, which employed composite oxides having a composition 
outside the compositional range. In addition, even through 50 cycles of charge/discharge conducted at an exceedingly 
high rate of 5.0 ItA, the inventive batteries showed such remarkable stability to charge/discharge cycling that the ca- 
pacity retention was 90% or higher. 

5 [0132] The Li*Mn-NI-Co composite oxides according to all the Examples and Comparative Examples given above 
each gave an X-ray diffraction' diagram having a diffracted ray assigned to R3-m as slated above. Of these, the Ll- 
Mn-NI-Co composite oxides according to Examples 1 and 2 and Comparative Examples 1 and 2 each gave an X-ray 
diffraction diagram in which a diffracted ray at around 26=21 thought to be assigned to an Li2Mn03 phase was observed 
in addition to the crystal phase belonging to the space group R3hti. 

10 [0133] The reasons why a crystal phase thought to be based on Li2Mn03 was observed in Examples 1 and 2 end 
Comparative Example 1 among those may be that since the proportion of manganese element in each of these com- 
posite oxides was hlgh» manganese atoms in the crystal lattice formed an unstable ligand field and this resulted in the 
formation of an eutectic of Li2Mn03 at the stage of solid-phase reactions in the head treatment step. In this connection, 
a comparison In battery performance among inventive batteries. 1 and 2 and comparative battery 1, which employed 

IS those composite oxides as positive active materials, shows that comparative battery 1 was clearly Inferior to inventive 
batteries 1 and 2 In discharge capacity, high-rate charge/discharge performance, and charge/discharge cycle perform- 
ance. From these results, it was considered that the upper limit of the proportion of manganese is 0.55 from the stand- 
point of obtaining a positive active material for lithium secondary batteries which does not contain LigMnOa in too large 
an amount and has satisfactory electrochemical performances. 

^ [0134] On the other hand, with respect to the reason why a crystal phase thought to be based on LigMnOs was 
observed in Comparative Example 2, this Is presumed to be related to the composition which was In such a region that 
a single crystal system was difficult to exist because of the low proportion of nickel element, and to the relatively high 
proportion of manganese element. In this connection, Comparative Example 2 and Example 5, which were similar In 
composition to each other, are compared. A comparison between comparative battery 2 and inventive battery 5 in 

25 electrochemical performance shows that comparative battery 2 was clearly inferior to inventive battery 5 in discharge 
capacity, high-rate charge/discharge performance, and charge/discharge cycle performance. The same tendency ap- 
plies in the case of Comparative Example 3 and Example 6, which were similar in composition to each other, i.e.. In 
the case of a comparison between comparative battery 3 and inventive battery 6 in electrochemical performance. It 
was considered from these that the lower limit of the proportion of nickel Is 0.15 from the standpoint of obtaining a 

30 positive active material for lithium secondary batteries which has satisfactory electrochemical performances. 

[0135] Among inventive batteries 1 to 7. inventive batteries 6 and 7 showed an especially high discharge capacity 
and stable charge/discharge cycle perfomiance. It was found from these results that when a composite oxide having 
a composition within the range specified In the Invention Is regulated so as to be represented by the composite formula 
LlxMnQNIt^C0cO2 wherein c/(a4-b+c)2:0.5, then a positive active material capable of enabling a battery to combine an 

35 especially high energy density and satisfactory charge/discharge cycle performance can be obtained. 

[0136] In each of the Examples and Comparative Examples given above, the peak of the diffraction (A) appearing 
at around 26=18.6*' was located in an exceedingly narrow range of 16.6*'±0.3*', while thf .peak of the diffracted ray (B) 
appearing at around 26=44. 1 ** also was located in an exceedingly narrow range of 44. 1 ±1 . The intensity ratio between 
these diffracted rays A and B (B/A) was detennlned and, as a result, the values of that ratio for the Examples and 

/<P..... -Comp arative Examples were f o und to be in the range of from 0.65 to 0.95. These results indicate that crystals h ad 
sufficiently grown In each composite oxide. An X-ray diffraction diagram of the LI-Mn-NI-Co composite oxide accordirig' 
to Example 6 is shown in Fig. 2. Those values of intensity ratio (B/A) were ones obtained by examining powders of 
these composite oxides before pressing. It was ascertained that pressing the powders of these composite oxides 
results in a considerable decrease in the Intensity ratio. In Fig. 3 is shown a scanning electron microscope (SEM) 

43 photograph of the Ll-Mn-Ni-Co composite oxide according to Example 6. On this photograph can be observed a sec- 
ondary particle made up of gathered primary particles having the shape of nearly a rectangular parallelepiped in which 
the ratio of the dimension of the longest side to that of the shortened side Is 2 or smaller. 

[0137] As described above in detail, a positive active material for lithiunh secondary batteries having a high energy 
density and excellent charge/discharge cycle performance can be provided by the Invention. The Invention can further 

so provide a lithium secondary battery having a high energy density and excellent charge/discharge cycle perfomnance. 
[0138] The positive active material according to the invention retains a stable crystal structure even at potentials 
around 5 V (v.s. LI/LK) and has the possibility of attaining a higher energy density. The inventors are presently con- 
ducting a test in which a charge voltage of 4.6 V is used In place of the 4.2 V used above. At the time when tens of 
cycles have passed In this test, the inventive batteries show satisfactory charge/discharge cycle performance with an 

55 exceedingly slight decrease in capacity. 

[0139] The Invention may be embodied in other various forms without departing from the spirit or essential charac- 
teristics thereof. The embodiments or Examples described above are therefore to be considered in all respects as 
lllustrathre and not restrictive. The scope of the Invention is indicated by the claims rather than by the description, and 
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all changes and nnodificatlons which come within the meaning and range of equivalency of the claims are intended to 
be embraced therein. 

<lndustrial Applicability> 

[0140] According lo the invention, which has been achieved in order to eliminale the problems described above, a 
positive active material for lithium secondary batteries having a high energy density and excellent charge/discharge 
cycle performance can be provided. Furthemnore, the invention can provide a lithium secondary battery having a high 
energy density and excellent charge/discharge cycle perfonmance. 



Claims 



1. A positive active material for lithium secondary batteries, characterized by comprising a composite oxide which 
is represented by the composite formula LixMnaNi|,C0c02 (wherein a, b, and c are values within such a range that 
in a ternary phase diagram showing the relationship among these, (a, b, c) is present on the perimeter of or inside 
the quadrilateral ABCD defined by point A (0.5. 0.5. 0). point B (0.55, 0.45, 0). point C (0.55, 0.15. 0.30), and point 
D (0.15. 0.15|, 0,7) as vertexes, and 0.95<x/(a+b+c)<1 .35) and has an a-ISIaFeOa stnjcture, 

2. The positive active material for lithium secondary batteries of claim 1 . characterized in that the composite oxide 
contains LiaMnOg and, In X-ray powder diffractometry with CuK^, ray, gives a diffraction diagram in which the ratio 
of the Intensity of the diffracted ray at 20=2111 .5* (s) to the intensity of the diffracted ray at 2e=1B.6±0.3** (m), 1. 
e., ratio s/m, is less than 0.04. . ' 

3. The positive active material for lithium secondary batteries of claim 1 or 2, characterized in that the composite 
oxide has a BET specific surface area as measured by the adsorption method of 0.3 m^/g or larger. 

4. The positive active material for lithium secondary batteries of any one of claims 1 to 3, characterized in that the 
composite oxide comprises particles which are secondary particles formed by the aggregation of primary particles, 
the primary particles having the shape of nearly a rectangular parallelepiped In which the ratio of the dimension 
of the longest side to that of the shortest side Is 2 or smaller, and the primary particles having an average diameter 
of 0.6 ^m or larger. 

5. The positive active material for lithium secondary batteries of any one of claims 1 to 4, characterized In that the 
composite oxide is one obtained by mixing a precursor with a lithium compound and heat-treating the mixture, the 
precursor mainly comprising a compound which has manganese and nickel as transition metal elements and op- 
tionally further has cobalt as another transition metal element and which has a p-Ni(OH)2 ^® crystal structure. 

6. The positive active material for lithium secondary batteries of any one of claims 1 to 4, characterized in that the 

with a lithium compound and optionally with a precursor comprising a cobalt compound and heat-treating the 
mixture, the precursor mainly comprising a compound having a P-Ni(OH)2 type crystal structure. 

7. The positive active material for lithium secondary batteries of claim 6, characterized in that the precursor com- 
prising a cobalt compound is an oxide or a carbonation product salt. 

8: The positive active material for lithium secondary batteries of any one of claims 5 to 7. characterized in that the 
lithium compound is LIOH. 

9. A lithium secondary battery which has a positive electrode employing the positive active material for lithium sec- 
ondary batteries of any one of claims 1 to 8 and a negative electrode employing a negative-electrode material 
capable of doping^undoping lithium ions. 
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1; EXAMPLE 1 


2; EXAMPLE 2 


3; EXAMPLE 3 


4; EXAMPLE 4 


5; EXAMPLE 5 


6; EXAMPLE 6 


7; EXAMPLE 7 


8; EXAMPLE 8 


9; COMPARATIVE EXAMPLE 1 


10; COMPARATIVE EXAMPLE 2 


t1; COMPARATIVE EXAMPLES 
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